Azithromycin is a semisynthetic macrolide antibiotic used for the treatment of trachoma caused by *Chlamydia trachomatis*, a gram negative bacteria. According to WHO, there are about 84,000,000 people who had been affected by trachoma. It is reported that the existent oral dosage forms of azithromycin are suitable to treat the ocular infections such as conjunctivitis and others caused by sensitive pathogens\[[@ref1]\]. But when azithromycin is taken orally to cure ocular infection, it needs at least 1.0 g azithromycin per dose to ensure the drug content in aqueous humor, tear fluid and conjunctival coat reach the minimal inhibitory concentration (MIC). Thus not only will it waste much but it can bring on side-effects because of high drug level in every tissue. Therefore, a topical ophthalmic formulation of azithromycin with a low dosing frequency would be much more convenient for patients and thus ensure better compliance, thereby reducing the risk of selection of resistant bacteria\[[@ref2][@ref3]\]. An US patent on topical treatment of ocular infections relates to a sustained release ophthalmic composition comprised of an aqueous suspension of the azalide antibiotic and a polymer suspending agent\[[@ref4]\]. However ocular pharmacokinetic results indicated that only a viscous solution of azithromycin can maintain a precorneal concentration above the MIC~90~over 24 h\[[@ref5]\]. Azasite^®^, the viscous azithromycin ophthalmic solution, is based on Durasite^®^ drug delivery technology evolved from cross linked polyacrylic acid\[[@ref6]\]. But highly viscous solutions and gels lack accuracy and ease of administration. Lachrymation and hazy vision associated with preformed hydrogels may be avoided by using *in situ* activated gel forming systems which are viscous liquids that upon exposure to physiological conditions change into a gel or solid phase in the *cul de sac* upon its instillation into the eye. *In situ* gelation approach combines advantages of both solutions and gels, such as accuracy and ease of administration of the former and prolonged precorneal retention of the latter\[[@ref7][@ref8]\].

Sol--gel phase transition on eye surface can be triggered by a change in temperature, pH, or ionic strength. Carbopol 940 and Polaxamers are used as the gelling agents in pH triggered and temperature sensitive *in situ* gelling systems respectively for sustaining the drug delivery\[[@ref9][@ref10]\]. Ion activated sol-gel transition also known as osmotically induced gelation occurs on ocular surface due to the ions in the tear fluid resulted by a change in electrolyte composition\[[@ref8]\]. Gelrite^®^(gellan gum) in ophthalmic formulations, which gels upon instillation in the eye due to the presence of cation has shown prolonged precorneal contact time in humans\[[@ref11]\]. Sodium alginate has been used as the gelling agent in sustained release ocular formulations of ofloxacin and gatifloxacin\[[@ref12][@ref13]\]. Pectins also gel in presence of divalent cations and *in situ* gelling of pectin mediated by calcium ions in lacrimal fluid has been reported in an US patent\[[@ref14][@ref15]\]. Also *in situ* gelling of pectin has been used to sustain drug delivery from formulations (e.g. acetaminophen, theophylline and cimetidine)\[[@ref16]\]. However the *in situ* gelling capacity of pectin has not been exploited in ophthalmic preparation for improved drug availability. So the present work was aimed at the preparation of *in situ* gelling ophthalmic formulations of azithromycin using pectin as the gelling agent.

MATERIALS AND METHODS {#sec1-1}
=====================

Azithromycin was gifted by Micro Labs Pvt Ltd, Hosur, India. Hydroxypropyl methylcellulose (HPMC E15 LV and HPMC K4M) were obtained from Colorcon Asia, Mumbai, India. Sodium carboxymethyl cellulose (SCMC), medium viscosity grade was purchased from Loba Chemie, Mumbai, India. Pectin, calcium chloride, and nutrient agar were procured from Hi Media Labs, Mumbai, India. Dialysis membrane for diffusion studies (LA387) was the product of Himedia, Mumbai, India. The microbial strain (*Staphylococcus aureus* NCIM -2079) used was supplied by NCIM, Pune, India. All other chemicals used were of analytical grade.

Preparation of *in situ* gelling systems: {#sec2-1}
-----------------------------------------

The solubility of azithromycin was tested in phosphate buffer (pH 6.0, 6.5 and 7.2). Azithromycin was found to be completely dissolved in phosphate buffer (pH 6.0) which was selected as the vehicle for the preparation of *in situ* gelling systems.

Pectin in concentrations of 2-5% w/v and viscosity builders HPMC K4M and SCMC of different proportions and grades were used to prepare totally 10 formulations ([Table 1](#T1){ref-type="table"}). Pectin was dissolved in required quantity of phosphate buffer pH 6 and stirred well continuously to form a clear solution. The viscosity builder and benzalkonium chloride were dissolved in the sol and allowed to hydrate overnight. The solutions were then stirred with an overhead stirrer. Accurately weighed quantity of azithromycin was dissolved in prepared polymeric solutions and mixed well under constant stirring until uniform solutions were obtained. The developed formulations were filled in sterile glass vials in aseptic condition and closed with butyl rubber closures and sealed with aluminium caps and sterilized by autoclaving at 121° and 15 psi for 20 min.
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COMPOSITION OF *IN SITU* GELLING OPHTHALMIC FORMULATIONS
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Tests for clarity and pH of the formulations: {#sec2-2}
---------------------------------------------

The prepared formulations were evaluated for clarity by visual observation of the solutions against a black and white background in a well-lit cabinet. Also it was observed for formation of turbidity or any unwanted particles dispersed in the solution. The pH of the prepared formulations was determined using Systronics 802 digital pH meter.

Selection of formulations: {#sec2-3}
--------------------------

Gelling capacity and rheology are the main prerequisites of the in situ gelling systems. Therefore based on these two properties the formulations were selected and evaluated for further studies.

*In situ* gelling capacity: {#sec2-4}
---------------------------

The gelling capacity of the formulation was determined by placing the formulation in a vial containing artificial tear fluid in the proportion of 25:7. The composition of the simulated tear fluid (STF) was: NaCl 0.67 g, NaHCO3 0.2 g, CaCl2.2H2O 0.008 g and water upto 100 g\[[@ref11]\]. The gel formation was assessed visually and the time was noted for the gelation and also noted the time taken for the gel formed to dissolve.

Rheological studies: {#sec2-5}
--------------------

The developed formulation was poured into small sample adaptor of a Brookfield synchroelectric viscometer DV PRO 2 and the viscosity was determined using spindle no 18 at different angular velocities. The viscosity was recorded from the stabilized readings on the digital display of the viscometer.

Determination of drug content: {#sec2-6}
------------------------------

The drug content of the selected formulations were determined by diluting suitably with 0.2 N NaOH and refluxed for 30 min and the absorbances were observed at 215 nm in UV/Vis double beam spectrophotometer (Systronics 2201).

Tests for sterility of the formulations: {#sec2-7}
----------------------------------------

Ophthalmic preparations must be sterile and sterility testing is a routine quality control test in eye preparations. The test for sterility was carried out under aseptic conditions by membrane filtration method as per IP guidelines\[[@ref17]\]. Diluent was used in order to inactivate the antibacterial effect of the active ingredient besides diluting the viscous formulations to enable the filtration.

Antimicrobial efficacy studies: {#sec2-8}
-------------------------------

Antimicrobial efficacy was determined by agar diffusion employing 'cup plate techinique' on selected formulations\[[@ref18]\]. Wells were made with borer in the solidified medium previously seeded with *Staphylococcus aureus*. The formulations, 25 μl of each were poured into respective wells in an aseptic condition. These plates were kept in incubator for a period of 24 h and then observed for zone of inhibition.

In another plate of specified medium inoculated with *Staphylococcus aureus*, 7 μl of simulated tear fluid was taken along with 25 μl of the formulations in the wells and observed for the zones of inhibition at 24 h. This test was performed in order to reveal the antimicrobial efficacy of the formulations in the simulated *in vivo* condition.

Ocular irritation study: {#sec2-9}
------------------------

This study was performed according to the Draize test\[[@ref19]\] on three female albino rabbits each weighing 2-3 kg. The animal experimentation protocol designed as per CPCSEA guidelines was approved by the IAEC, Ultra College of Pharmacy (UCP/ IAEC/2009/052). The sterile formulations were instilled twice a day for a period of 21 days and they were observed periodically for redness, swelling, watering of the eye and other changes.

*In vitro* drug release studies: {#sec2-10}
--------------------------------

A number of approaches have been used by different workers to conduct *in vitro* drug release from controlled ocular drug delivery systems, including bottle method, diffusion method, modified rotating basket/paddle method and technique involving flow through apparatus\[[@ref20]\]. Drug release studies were performed using a diffusion technique reported by Kumar *et al*.\[[@ref21]\] with some modification. A pouch was made by tying the ends of the dialysis tube previously soaked in buffer overnight inside which 1 ml of the formulation was taken along with 0.3 ml of simulated tear fluid. The dialysis bag was carefully placed in the 50 ml of diffusion medium (STF) maintained at 37° and diffusion was carried out for four hours. Aliquots of 5 ml were withdrawn every one hour from the diffusion medium. The samples were diluted with 0.2 N NaOH and refluxed for 30 min and the absorbances were observed at 215 nm in UV/Vis double beam spectrophotometer.

RESULTS AND DISCUSSION {#sec1-2}
======================

The vehicle selected for the ocular formulations was phosphate buffer (pH 6) based on the solubility of azithromycin. A buffered vehicle in ophthalmic preparations is appropriate as the pH plays a significant role with respect to stability of formulations, solubility of drugs, *in vivo* penetrability and also eye irritation\[[@ref22]\]. Viscosity enhancing polymers such as HPMC or SCMC were included in the formulations in order to achieve the desired rheological behaviour. Moreover cellulose polymers possess mucoadhesive property which may help in prolongation of the stay of drug in *cul de sac*\[[@ref7]\].

All the formulations prepared were clear without any turbidity and suspended particles or impurities. The pH of the formulations were between 5.6--6.3 ([Table 2](#T2){ref-type="table"}) which is an acceptable range for ophthalmic preparations\[[@ref22]\].

###### 

EVALUATION OF *IN SITU* GELLING FORMULATIONS
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The gelling capability of the formulations was examined by mixing the solutions with STF in the proportion 25:7 as the application volume of eye drops is 25-50 μl and normal volume of tear fluid in the eye is 7 μl. The solutions on treatment with STF were observed to undergo rapid transition into gel within 5-6 s. The stability of the formed gels with different formulations is given in [Table 2](#T2){ref-type="table"}. The time taken for the gel to dissolve is denoted as +, ++, or +++ indicating 10--15 min, 30--45 min, 60-90 min of stability, respectively.

The gels formed with pectin alone (P1, P2) were stable only for 10 min but inclusion of viscosity builders was found to enhance the stability of the gel structure for a longer time. Among the rest of the formulations, the gels formed with two formulations HLP3, CP2 were stable for one hour whereas, HKP2 gel remained undissolved for 90 min.

The viscosities of all the formulations at different angular velocities (0.1, 0.5, 1, 2, 5, 10, 20 rpm) as shown in (figs. [1](#F1){ref-type="fig"} to [4](#F4){ref-type="fig"}) reveals the shear thinning nature of the solutions. Pseudoplastic formulations are preferred over viscous Newtonian vehicles in view of ease of withdrawal and instillation of ophthalmic drops. The viscosities at 20 rpm of angular velocity are given in [Table 2](#T2){ref-type="table"}. The same formulations with greater gel stability (HLP3, HKP3, and CP2) were found to possess higher viscosities at 20 rpm.

![Rheological profile of *in situ* gelling formulations without viscosity enhancers P1--Pectin 3% w/v (-♦-), P2--Pectin 4% w/v (-■-)](IJPhS-73-615-g003){#F1}

![Rheological profile of *in situ* gelling formulations with HPMC E15LV\
HLP1--Pectin 3% w/v and HPMC E15LV 1.5% w/v (-♦-), HLP2-Pectin 4% w/v and HPMC E15LV 1.5% w/v (-■-), HLP3-Pectin 5% w/v and HPMC E15LV 2% w/v (-▲-)](IJPhS-73-615-g004){#F2}

![Rheological profile of *in situ* gelling formulations with HPMC K4M\
HKP1--Pectin 2% w/v and HPMC K4M 0.5% w/v (-♦-), HKP2 - Pectin 3% w/v and HPMC K4M 0.5% w/v (-■-), HKP3 - Pectin 3% w/v and HPMC K4M 1.0% w/v (-▲-)](IJPhS-73-615-g005){#F3}

![Rheological profile of *in situ* gelling formulations with SCMC CP1-Pectin 2% w/v and SCMC 0.5% w/v (-♦-), CP2-Pectin 3% w/v and SCMC 0.5% w/v (-■-)](IJPhS-73-615-g006){#F4}

Based on the results of rheological studies and gelling behaviour ([Table 2](#T2){ref-type="table"}) three formulations HLP3, HKP3 and CP2 were selected for further studies. The drug contents of the formulations HLP3, HKP3, and CP2 were found to be 98.25±0.925% w/v, 99.4±1.25% w/v, 99.76±0.98% w/v respectively.

The results of the sterility test on the selected formulations indicate that there is no evidence of microbial growth on the media during the incubation period of 14 days confirming the sterility of the formulations as well as the suitability of the sterilization technique. Zone of inhibition below 10 mm specifies that the strain is resistant to the test material, 10-15 mm indicates a moderate activity and above 15 mm of zone of inhibition implies that the microorganism is sensitive to the test substance\[[@ref19]\]. The formulation with 3% w/w pectin and 0.5 g of SCMC (CP2) inhibited the growth of *Staphylococcus aureus* to the greatest extent compared to the other two formulations (HLP3, HKP3, [Table 3](#T3){ref-type="table"}) demonstrating the higher diffusion of azithromycin. The zones of inhibition observed in agar diffusion study on the formulations along with STF are slightly more than the previous ones ([Table 3](#T3){ref-type="table"}) which proves the sustained release of the drug from the *in situ* formed gels.
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The results of ocular irritation studies indicate that the formulation was non irritant. Excellent ocular tolerance was noted and no ocular damage or abnormal clinical signs were visible. Therefore these formulations can be safely instilled into the eye without any adverse effects.

Results of *in vitro* drug release studies by diffusion through dialysis membrane on the three formulations HLP3, HKP3 and CP2 are given in the ([fig. 5](#F5){ref-type="fig"}). The results clearly assure that a temporally controlled release of azithromycin in the *cul de sac* will occur for more than 4 h. The pattern of drug diffusion correlates well with the gel stability of the formulations. A more prolonged release was observed with HKP3 which showed the maximum *in situ* formed gel stability. This indicates that the gels have the ability to retain azithromycin resulting in sustained drug release.

![*In vitro* release of azithromycin from gelled formulations by diffusion technique\
HLP3--Pectin 5% w/v and HPMC E15LV 2% w/v (-♦-), HKP3 - Pectin 3% w/v and HPMC K4M 1.0% w/v (-■-), CP2 - Pectin 3% w/v and SCMC 0.5% w/v (-▲-)](IJPhS-73-615-g008){#F5}

The straight lines obtained in the Peppas plots and the high correlation coefficients ([fig. 6](#F6){ref-type="fig"}, [Table 4](#T4){ref-type="table"}) confirm the diffusion of the drug through the gels formed *in situ* with STF. The planar gel diffusion is further proved by the value of the diffusional exponent 'n' which is greater than 1\[[@ref23]\].

![Gel diffusion kinetics - Peppas plots\
HLP3--Pectin 5% w/v and HPMC E15LV 2% w/v (-♦-), HKP3 - Pectin 3% w/v and HPMC K4M 1.0% w/v (-■-), CP2 - Pectin 3% w/v and SCMC 0.5% w/v (-▲-)](IJPhS-73-615-g009){#F6}
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GEL DIFFUSION KINETICS --PEPPAS PLOT-- DIFFUSIONAL COMPONENT
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Among the formulations developed, CP2 containing pectin 3% w/w, and SCMC 0.5% w/v has shown more promising results in prolonging the release and efficacy of azithromycin. Among the cellulose ethers, SCMC exhibits a mucoadhesivecapacity comparable to that of polyacrylic acid\[[@ref24]\]. Hence in addition to contributing to the *in situ* gel formation, the viscosity enhancer SCMC will improve the ocular bioavailability through mucoadhesion also. Hence it can be concluded that pectin based *in situ* gels can be successfully used to prolong the duration of action of azithromycin.
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